Introduction
Phosphoenolpyruvate carboxylase (PEP Co) ca talyzes the incorporation of C 0 2 in PEP resulting in the production of oxaloacetate. Operating also in the dark, it increases the am ount of organically bound carbon even in non-photosynthetic organ isms. In studying the regulation of the basic me tabolism of plant cells, two observations in litera ture arouse our interest in this enzyme. Firstly, there are reports of two PEP Co forms in C 4 and CAM plants, which exhibit not only different mole masses, but also different catalytic activities. They appear to be interconvertible. The larger form consists of 4 identical subunits of about 100 kDa each. It is thought to be a dimer of the smaller form [1] [2] [3] , Total in vitro activity of the largertetrameric -form is by 70% higher than that of the smaller -dimeric -form [3] , Secondly, an enhancing influence o f blue light on the activity of PEP Co in non-green Chlorella kessleri m utants has been described. This effect supposedly results [4, 5] .
Abbreviations
Analysis o f the regulatory effectiveness of blue light on the basic m etabolism of Chlorella kessleri cells has presented the possibility that aggregationdissoziation processes of specific enzyme proteins might prove to be a means of regulating their ac tivities [6] . From these data, analysis of PEP Co in Chlorella appeared to be rewarding. In the follow ing, we report the existence of two species o f PEP Co in wild type cells o f Chlorella kessleri, for which however, no specific influence of blue light could be detected.
Materials and Methods

Organism and growth conditions
The experiments were performed with the uni cellular green alga Chlorella kessleri F ott et Novä-köva no. 211-11 h, formerly Chlorella vulgaris of the Culture Collection o f Algae of the Inst, for Plant Physiology at G öttingen University, G er many. The algae were grown in an inorganic medi um according to [7] with iron being supplied as EDTA-complex. C ultur tubes (4 cm diameter, 45 cm length), aeration with air +2% C 0 2 and the light therm ostat used (30 ± 1 C) have been de scribed by [8] .
Light regimes
White, red and blue light leading to equal dry m atter production were produced, either by Osram-L 36W/30-1 warm white fluorescent tubes, or by passing the radiation o f Osram-L 36W /36 na tura fluorescent tubes through a 3 mm red plexi glass or that of Osram-L 115 W/20 cool white flu orescent tubes through a 3 mm blue plexiglass (Rhöm Gm bH, D arm stadt, Germany).
Preparation o f crude cell extracts
Crude cell extracts were prepared as described in [9] , except for the use o f Tris glycine buffer consist ing of 30 mM Tris(hydroxymethyl)aminomethane, 250 mM glycine and 100 mM NaCl pH 8.5 for ex traction.
Ion exchange chromatography
Crude extracts of Chlorella kessleri were sepa rated by ion exchange chrom atography on DEAE cellulose 23 SN (column 2.2 x 8 cm) using 50 mM Tris buffer pH 7.5 for equilibration and elution. After washing with two bed volumes of this buffer the column was developed with a linear KC1 gra dient ( 0 -0 . 6 m). T w o ml fractions were collected at a flow rate of 6 0 ml/h. KC1 density in the fractions was calculated from the index o f refraction using an Abbe universal refractom eter (Schmid and Haensch, Berlin).
Fast protein liquid chromatography
For fast protein liquid chrom atography (FPLC) superose 6 has been used as described recently [9] . Extraction buffer was used for equilibration o f the column and for elution o f the proteins.
Enzyme assay
PEP Co activity was measured in a coupled test by following the oxidation o f N A D H by m alate dehydrogenase (M D H ) resulting from the reduc tion of oxaloacetate produced by PEP Co. In o r der to detect pyruvate deriving from decarboxylated oxaloacetate, due to the conditions in the testsystem lactate dehydrogenase (LD H) was added.
The assay mixture concentrations were: Tris(hydroxymethyl)aminomethane (Tris) buffer pH 8.5 (100 mM) or 2-(N -m orpholino)ethane sul fonic acid (MES) buffer pH 5.5 (100 mM), as indi cated in the text, MgCl2 12 mM, N a H C 0 3 30 mM, M D H 12U, LDH 5U , NADH 0.64 mM, crude ex tract 50 |il or separated fractions 200 |il (FPLC) or 500 |il (DEAE chrom atography) and phospho enolpyruvate 10 mM (start).
Determination o f half life
The semilogarithmic plot of PEP Co activity against the time of incubation at 45 °C results in a straight line indicating first order kinetic for the tem perature dependent inactivation. Therefore in activation can be described by the equation N t = N 0-e~kt (N t and N 0: activities at time t and t = 0; t: time; k: first order rate constant. H alf life t X p_ is calculated by the equation t ]/2 -In 2/k.
Results and Discussion
Two different protein fractions with PEP Co activity
Separation of the proteins of crude cell extracts from Chlorella kessleri by FPLC on superose 6 yields PEP Co activity in the fractions of 955 ± 64 kD a and of 543 ± 34 kDa. This is identi cal for cells under blue or red light conditions (Fig. 1) .
Considering the possibility of different geomet rical arrangements, these data might indicate the existence of a dimeric and a monomeric form of the same enzyme. This idea is supported by the oc currence of only one peak with PEP Co activity after protein separation by DEAE column chro m atography (Fig. 2) . However, the larger aggre gate would have to be rather tightly bound since also subsequent separation on superose 6 of the most active fractions previously isolated by DEAE chrom atography yields the two activity peaks at the known mole masses. All attem pts to transfer the larger form into the smaller form failed. There was the same separation pattern as for untreated extracts, i.e. PEP Co activity at about 950 kD a and 540 kDa, using 1 m NaCl, 10 mM PEP, 10 mM ci trate, 10 mM malate, 50 |im 5,5'-dithiobis(2-nitrobenzoic acid), 1.25 mM diethylpyro-carbonate, 5 mM dithiothreitol, 1 % cystein, 15 ^im C u S 0 4, and 10 mM M gS 04; these are all known to aggre gate or split PEP Co proteins [1, 2, 10, 11] . 
Properties o f the two proteins with PEP Co activity
I. pH-dependence
The isolated 955 kD a protein with PEP Co ac tivity exhibits a pronounced pH -optim um at 8.5 (Fig. 3) . This corresponds to literature data for lower and higher plants [12] . The isolated 543 kDa-form, however, shows maximum activity at pH 8.5 and 5.5 (Fig. 3) . The conclusion that this fraction contains two different types of PEP Co proved to be wrong. The high activity at pH 5.5 depends on phosphatase activity, measured with the test system chosen also. The test system con tains LDH besides M DH, in order to detect that portion of the product of PEP Co activity, oxaloacetate, which is disintegrated into C 0 2 and pyru vate by test conditions [13] . Pyruvate however, is also produced by a phosphorylase splitting off in organic phosphate from the substrate added, PEP. Fig. 4 indicates that when measured at pH 5.5 the activity peak of PEP consum ption coincides with that of /7-nitrophenylphosphate dephosphoryla tion after protein separation by DEAE as well as by FPLC. Fig. 5 shows the well-known inhibiting effect of inorganic phosphate on p-nitrophenylphosphate phosphatase (5 a), but also for the PEP consuming reaction at pH 5.5 (b). Inhibition of PEP Co activity at standard test conditions, i.e. pH 8.5, could not be shown, because at this pH phosphate ions are complexed by Mg2+ present. If phosphatase is separated from PEP Co by DEAE chrom atography, subsequent FPLC of the latter again yields two activity peaks at 955 and 543 kD a. The lighter form now shows also maxi mum activity around pH 8.5 only.
II. Substrate dependence
The affinity of the two proteins with PEP Co activity towards their substrate PEP, differs.
The 955 kDa-form shows a A^m-value of 1.13 x 10~3±0.035 mol I-1, the 543 kDa-form of 0.76± 0.029 x 10~3 m o l -r 1. The Hill coefficients are around unity in both cases, indicating no cooperativity. Culturing of Chlorella kessleri in red or blue light did not change the kinetic properties of the proteins with PEP Co activity. This is differs from Ruyters' observations [5] . He reported al most the same A^m-values as above for PEP Co ac tivity found in crude extracts of chlorophyll-free m utant cells of Chlorella vulgaris (= kessleri) from dark or blue light conditions leading to the conclu sion that there is a specific PEP Co iso-form in short wavelength light.
III. Influence of effectors
There is a pronounced substrate inhibition (Fig. 6) , which is identical for both forms. N o sig nificant effects on A Tm-value or Hill-coefficient for PEP can be found. Glutam ine, glutamate, aspar tate and malate, all known to effect PEP Co activi ty in the alga Selenastrum, higher plants and bacteria [3, [14] [15] [16] [17] , exhibit no effect on Km of either PEP Co activity fraction at test pH 8.5 (Table I ). There is, however, a strong inhibiting in fluence of citrate. The A^-value increases to about 2 x 1CT3 mol -r 1. The results also are identical for enzyme preparations o f cells from blue or red light conditions. 
IV. Tem perature dependence
The larger protein with PEP Co activity is more sensitive to enhanced temperatures than the small er one. While for the 955 kDa-form the halftime for the decay in activity is only 23 min, it is 5 5 -6 0 min for the 543 kDa-form. These data are also identical for the preparation from blue or from red light conditions.
Conclusion
A t the present time we interpret the data ob tained of the two protein fractions with PEP Co activity as showing the existence of two different species o f this enzyme. Either of the treatm ents ap plied should have separated just aggregated units. Consequently, the data lend no support to the hy pothesis that aggregation/dissociation processes are a means of activity regulation for PEP Co as suggested to exist for other enzymes o f the same organism. In higher plants, regulation of PEP Co activity seems to be accomplished by phosphoryla tion/dephosphorylation [18, 19] . We have not yet been able to show this for Chlorella enzymes, too. However, the possibility that the larger enzyme is a tight complex of PEP Co and a specific kinase/ phosphatase for regulation is certainly an interest ing speculation. Continuing on this idea, there might be two types of PEP Co with different tasks and localization at different sites in Chlorella kess leri. Only one of them might be regulated by phos phorylation/dephosphorylation. A nother possible way to modify PEP Co protein would be a complexation with chaperonins resulting in an altered mole mass of the enzyme.
Considering the known basic cell metabolism the necessity for two such enzymes cannot easily be seen. In literature PEP Co is mostly considered as a cytosolic enzyme [20] but there are also re ports o f PEP Co in the chloroplast [21, 22] . We have begun, preferably with immunological stud ies, to clarify this problem for the autotrophic wild type Chlorella kessleri used thus far.
In contrast to R uyters' results [5] with chloro phyll-free Chlorella m utant cells, modifying influ ences on the two PEP Co forms of the wavelengths present at autotrophic cell growth could not be de tected.
